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µ =< x >=
∫
x · p(x|I) dx , |  ~H@
Y[_FT"UWVFvRAV^YyUWV^h"S"n%
∫
p(x|I) dx = 1 . |  ~fl























xmax − xmin =
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p(x|µ, I) = 1
µ













σ2(xi) =< (xi− < xi >)2 >=< xi2 > − < xi >2 . |  ~[fl
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p(x|µ, σ, I) = 1
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a, b > 1
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p(D|H, I) cBS j h"nUWPUWS~ UWS"SŁ_=LcBSKT%cA\=UWV]\^_]U
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< ε >= 0
h"S%T
< ε2 >= σ2 ,
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< xr > =
∫
xr · p(x|I) dx∫
p(x|I) dx
Y[_




srYyUbdUp\^_^Y[ h"S"n T"UWV 7cBi"V]\]zai%UWY[S"l[Yyzai"uCUWY[_]\^ZCUWV^_]UWY[l[h"S"n
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({x}n)r . |  ~[PG
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J−1  cBl[Y["V^YyUWV^Up\]\^h"S%nUWS d1, . . . ,dJ−1 
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dg
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J − 1  cBl[Y["V^YyUWV 
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) = x =
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ffi | 6 , C ,Σ, I) = p(d1...dJ | 6 ,x1...xJ ,σ1...σJ , I) =
= p(d1| 6 ,x1...xJ ,σ1...σJ , I) ·





p(dj | 6 ,xj ,σj , I) . |  ~  
bdUWicBS%Tl[h"S"noT"UWVDCU BA{3UWi"lyUWVf
I











      










































































γ − 1 − 1 .
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ρ = p(xk| ffi , ? , I) =
∫
p(
C | ffi , ? , I) dxj 6=k . |  ~H;  
CY[_Y[l {3U@T"Up\ bxcfeUp\]\azai%UWS di%UpRAV]UW\ h%S%T T"UWV C6cBV^nflY[ScBl[Yy\^YyUWV^h"S"n\^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p(
6 | I) h"S%T &"PUWV?T%cA\?UWi"lyUWV 
S"Y[ZCUfcBhoT"UWVs cB_]UWS
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< xk > ∝
∫
x0,k · p( 6 | I) · 1{a+ 1/2 ∑j Rj}γ ·
∏
j































































−1 · 6 h"S%T dj∗ = sj−1 · dj . |  ~H;gG
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σ2(xi,k) =< xi,k
2 > −< xi,k >2 ∝
∫
{xik2 −< xi,k >2} · p(xi,k| ffi ,S, I) dxi,k . |  ~ %
k\1UWV^nflY["_\^YyzaiBwxYyU?Y[,S"icBS"n  ~
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r · p( 6 | ffi , ? , I) d 6 . |  ~ V;
srYyU A &%zaugwd`BV^_]\^wdcBi"V]\]zai%UWY[S"l[Yyzai"uCUWY[_
p(
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p(ω| I) UWY[S j h"PU j YyUWi%UWS*
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p(dj ,xj , ω, | 6 , I) dω dxj . |  ~ C
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p(xj | I) · p(ω| I) · p(dj |xj , 6 , ω, sj , I) dω dxj . |  ~ V@
CY[_rUWY[S%UW h"S"Y[S{ORAV^LcB_^Y[ZUWSfi AQd{ &"V




















































 CUW_^V]R,KPRAl[Yy\:NŁl nRAV^Y[_^i% h%\PU

V]Upzai"S%UW_ \^Yyzai6cBly\]R@T"UWVrk1V]wdcBV^_^h"S"n\^w?UWV^_ T"UWVrbdUWY[_^Va`BnU T"UWVt"VacBnflUWSŁ_^YyUWV^h"S%n\^ h%\^_]UWV h"S%TT"UWV]UWS












 + ff&%-`  V 
CY[_Y[l {OUT"UWVbdcfeCUp\]\]zai%UWS7}cBi"V]\]zai%UWY[S"l[Yyzai"uUWY[_]\]_^i%UpRAV^YyUlmcA\]\]UWS\^Yyzai Y[_UWY[S%UWVSgh"UWV^Y





















%N   MF#
Gfi6S 	 
  CET !
')#
 K ' 6 T1FKMF#1C5M K %H!K"ff "fi 
G#fi z=Tflfifffi JT FK
S   NS
- ' 
G RKR	MO9' 8
Gfifffi  ILT S<QT"1 ')






T  KT ?K K CE
G I T S<QT"1# K ' K"flfi !
T'  
TOK"N K"T1<> # 
 T1<K4
 BDFC  KbOS OKYFS
 Y  	JLK WzQ	JLKR] Y[`zPQ	JTS bOJ[J















• s cBY[_xTYyUtUWY[S%T"UWh"_^Y[nUJIffT"UWSŁ_^Y?> j YyUWV^h"S"nZCRASY4PUWV65`Azai%UWS%V]UfcBug_^YyRAS%UpSK\LK`B_]UWV=cBh%zainUWl[Y[S"nfl_
Yy\]_ Up\5S%RA_























zW −2 \ −1 $% .fl:+.fl,6h"S%Tfl~i/: fflgG28~gstUWVd5l[h0B
cBScB_]RALcBV]UW 7}cA\]\]UWV]\^_]R#" \]RAl[l7ZCUWV^nfllyUWYyzaiŁcBV\]UWY[S~











7 RAl {3VacB NŁ c_K"Y[l[lmcBV]U 'wxYyUUp\ ZCRAS ZflcBS >eŁlh"S%T qtUfcBl[e $[fgGg@32?h"S%T b?Yy\]zai"lyUWVh"S%T bdUWV^_]UWl $[fflg;32
;
;
            !
Gaszuleitung Kapillare
Heizströme
hinteres   vorderes




! +.- 1CJ 4G- fl4ffi 1  $&ffi! % PW4*flfi5ffi! %- +  %)*)3 .:   %4V OE)  %.P 1; .ffi!&( 7
∅ 
	
PWPA= 1B4  %-! %-











-6-! - 1ff+.'fiffi 






1B4  .-  %4*-! %P Q -X1  PW4,&1  %L/0 fl fl10 E&( - MBflNE  OE /+.-0/UNE %E>0+.-X1  %-U4@fl& :





h"S"n 5T%cA\ZCRAS}TYyUp\]UWS}h"_]RAV]UWS cBS"nUWw?UWS%T"UW_wxh"V]T"U *PUWY
i%RAi%UW 'UWY[lyzai%UWS%Th"V]z i%\acB_
j



























T"UWV Th"V]zai TYyUo c_K"Y[l[lmcBV]U cBX5%YyU Bfl_f~ srYyUo5Y[lmcBUWSŁ_]U@PUp\^_]UWi%UWS cBh%\T &"S"S%UWS 7 RAl {3VacB NŁsrVa`BiŁ_]UWS




h"V c_K"Y[l[lmcBV]U@UWV {ORAl[nfl_T%cBPUWY;SŁh%V Th%V]zai TYyULUpzaicBS"Yy\]zai%U "KcBS"SŁh"S"n%~5srYyUL5Y[lmcBUWSŁ_]U





UWV]T"UW_]UWS th0K{3UWV^%l[RŁzauUWY[S"nUWPUW_^_]UW_f~7sYyUŁ_^V]RALcB{3h"i"VtnUp\]zai"YyUWiŁ_ &"PUWVtTYyU &"i"l[lyUWY[_^h"S"nUWS~ CY[_


























_]UWSbdUWV]UWYyzai%\=T"UWV= c_K"Y[l lmcBV]U \]Rw=Y[U T"Up\












UWY[nfl_wxY[V]T7~1srYyU@nUp\ cB _]U FS%RAV]TSgh"S"n
T"UWV <h%UWl[lyULYy\^_ Y[_ ;fl  sh"V]zai%UW\a\]UWV EAnfll[Yyzai%\^_ uCRA KcBuŁ_nUWicBl[_]UWS}h"S%T lm`_Bfl_ \^Yyzai}T%cBi%UWV
cBS 	^UpT"U Q;cBugh"h"Lc_K0KcBVacB_^h"V cBSUWY[S%UWS nUWS%RAV^ _]UWS 5lmcBS%\]zaiT"UWVqrVFE,BU
9
 ;flcBSŁ"V^Y[S"nUWS~'srYyU




h"S"noT"UWVF c_K"Y[l lmcBV]U UWV {3RAl[nfl_FTh"V]zaiKT"V]UWYV]R
j
Up\]\]Ufl




U6ScAzai 'UW KPUWVacB_^h"Vh%S%T$srY[UWS%\^YyRAS"YyUWV^h"S"nT"UWV c_K"Y[l[lmcBV]U h"S%T T"UWV 5Y[lmcBUWSŁ_]U ZCUWV]\]zai"YyUW"_
\^Yyzai T"UWV$V]UWlmcB_^Y[ZCU bdUWY[_^VacBn
j






cBl[lyUWY[S%U ZCRAV^i%UWV^V]\]zaiŁ_T"RAY[S"YyUWV^_ZCRAVcBl[lyUW PUWY'T &"S"S%UWS'Y[lmcBUWSŁ_]UWSh"S%Ti%RAi%UWS'UW KPUWVacB_^h"V]UWS
cBh{ nflV^h%S%T T"UWV  4  F%i`BS"nflY[nfluUWY[_TYyUŁ_^VacBi"l[h"S"nKT"UWV i%UWY[BUWS 5Y[lmcBUWSŁ_]Ufl~7srYyUsY[UWS%\^YyRAS%UWST"UWV
Y[ AcBi"UWS)TYyUp\aUWVFV^PUWY[_KZCUWV^w?UWS%T"UW_]UWS <h%UWl[lyU}\^Y[S%T Y[S)F%~D;~[}cBh{3nU {fi&%i"V^_f~FbdUWY UWY[S%UW
Ł_^V]RA ZCRAS
 × C)UWV^nflY["_\^YyzaiUWY[S%UJC6c eY LcBl[_]UW KPUWVacB_]h"VZRAS  flfl~
 BD  
 
ffJLKYF] JTSXWzJ [JLK  b HOUEb 
 b Kh QOU KU VWzJLKY[` Y[JLKbOS
OJT` JTY [PQOJTS M b	`z` JT`
gRw?RAi"l={fi&"VocB_]RALcBV]UWS 7cA\]\aU Va\^_]R#" cBly\ocBh%zai { &"V CUW_^iŁegl N"AcATY[uflcBlyU >%S%T"UW_LLcBSY[S T"UWV ZY[_]U

VacB_^h"V TYyULbdUp\]zai"V]UWY["h"S"nUWY[S%UWV AFUWY[i%UZRAS <h%UWl[lyU S*T"Y[UocBh{=T"UWV_^i%UWV^Yy\]zai%UWS srYy\]\]R
j
YmcB_^YyRASY[S
UWY[S%UWVi%UWY[BUWSo c_K"Y[l[lmcBV]U=cA\]YyUWV]UWS~1>hLbdUWnflY[S"SoTYyUp\]UWVV^PUWY[_U eYy\^_^YyUWV^_]UWSLY[SLT"UWV ZY[_]UWVacB_^h"V	 UpT"RŁzai
uUWY[S%UŁhcBSŁ_^Y[_acB_^Y[ZCUWSS"nCcBPUWS &"PUWV_acB_]\a`Azai"l[Yyzai%U 5l[h0BTYyzaiŁ_]UWS6cBS=AcATY[uflcBlyUWSTYyU Y[_\]RAlyzai%UWS
<h%UWl[lyUWS UWV^V]UWYyzaiŁ_ w?UWV]T"UWS~5h{ nCcBPUoTYyUp\]UWVV^PUWY[_wdcBVUp\
j
h}ZCUWV]\^h%zai%UWS{ &"V UWY[S%U <h%UWl[lyU{ &"V
cB_]RALcBV]UWS=7}cA\]\]UWV]\^_]R#"6h"S%T { &"VDCU _]iŁeŁl N"ArcATY[uAcBlyUTYyU5l h BTYyzaiŁ_]UcBly\F%h"S"uŁ_^YyRAST"Up\F%\]_acBS%T"\



































UWY[nfl_f~gsrYyU <h%UWl[lyUYy\]_?cBSUWY[S%UXrQ NŁ cBUWV?Y[_?UWY[S%UW-bdcA\]Y[\aTV^h%zau
< 3 · 10−10  cBVxcBS"nU 
5cBS%\]zaiŁ_dh"S%ToY[_xUWY[S%UWVdUWZflcBugh"YyUWV^cBV]UWSKq cA\^ZCUWV]\]RAV^nflh"S"n ZUWV^"h"S%T"UWS~Ł_acB"Y[lyU q cA\]Uw?UWV]T"UWS &"PUWV
UWY[S%UWSL{ &"V;v
2
uflcBl[Y["V^YyUWV^_]UWS'lyRw?zpRASg_^V]RAl[lyUWV |flC Cc;g;fl nUWV]UWnUWl[_g
j
RAUW_^icBSowxY[V]T@cBh%\?UWY[S%UW























 	!fi5ffi! %P0&4@Hfi5ffi! "$%fl& %)*)+B-0/ 1  H  
 
   4*P  %-J&( %)*)  %-?+  >B0+B ;+. ffi.%.IJ&( % 4@ 4  %'+.-0/?1  H















h &"PUWVLK"V &{3UWS~stUWV AUWnfllyUWVFYy\^_
PUp\]zai"Va`BS"ug_5cBh{7\]zpzW T%cA\*UWSŁ_]\LK"V^YyzaiŁ_
4, 5·1017 5U Y[lyzai%UWS K"V]RgUWugh"S%T"Ufl~bdUWYCTYyUp\]UW)srh"V]zai%\acB_ j
\^_]UWl[l[_?\^Yyzai@cB"i`BS"nflY[n ZCRASoT"UWVdq cA\acBV^_;UWY[SLLc eY[LcBlyUWV?srV^h%zauY[SoT"UWV; cBUWV?ZRAS
3 ·10−5  cBV
UWY[S~
 
PUWVrUWY[S%UWS6h%\^_^YyUWV^cBl[nuAcBS"STYyU <h%UWl[lyU nUWnUWS&"PUWV T"UWVtk1Y[SŁ_^V^Y[_^_]\FE#"SŁh"S"nY[SUWY[S%U
j
w?UWY[_]U
XrFQDNŁ cBUWV| <ffC6 NŁ cBUWV LcBh%\^nUWV^YyzaiŁ_]UW_wdUWV]T"UWS~srY[V]UWuŁ_i"Y[SŁ_]UWVLT"UWVLk1Y[SŁ_^V^Y[_^_]\FE#"SŁh"S"n
TYyUp\]UWV?TY "7UWV]UWSŁ_^YyUWl[lPnU K%h" K"_]UWS
j















UWSŁ_=_^i%UWV^Yy\]zaiKUWY[_^_^YyUWV^_Fh"S%TY[ST"UWSIffRAS"Yy\acB_^YyRAS%\^VacBh" PUp\]zai"lyUWh"S"Y[nfl_f~X \^_FEAV]UWS%T"U bdUWY _]Va`BnU















wxYy\]zai%UWS  U8Q h"ST fflU&Q
ZflcBV^Y[YyUWV^_ w?UWV]T"UWS~5sYyULnUWlmcAT"UWS%UWS IffRAS"Yy\acB_^YyRAS%\LK"V]RŁTh"ug_]Uow?UWV]T"UWS}Y[_UWY[S%UWV"KcBS"SŁh"S"nZCRAS Q





QUWV^ZgYyUWl {OcAz i%UWV:NŁstUW_aUWuŁ_]RAV|&gkOC rScAzai"nUWwxYyUp\]UWS~
stUWVtvtcAzaiŁw?UWYy\ T"UWV AcAT"Y uflcBl[_]UWY[lyzai%UWS nUWl[Y[S"nfl_ cBh{3nflV^h"S%T6T"UWVri EAi%UWV]UWS}gUWS%\^Y[_^Y[ZgY[_a`B_tSŁh"VtY[_tT"UW






























$ffifl   * h"S%T fl 9  .fflgG32 O$: -.2  +(+.UW_cBl&~fflg@32 fl$) fi UW_cBl&~"ffl 2 O$ 9#.  ff-.UW_cBl&~"fflfl328~
k1V Yy\]_ T%cBY[_Y[ qtUWnUWS%\acB_
jLj
















YyUp\ \^_]UWY[nfl_	^UpT"RŁzai 	^UnUWV^Y[S"nUWV TYyU1h" K

lyUWYy\^_^h"S"n Y[S T"UW bdU VaU Yyzai Yy\^_f~I
 UWY[S%UWS cBl[l=icBS%T"UWl[_L\^Yyzai T%cBS"Sh" UWY[S%U5l[h0BflUp\]\^h"S"nT"UWV
'UWY[lyzai%UWSxTYyUY[S c eYmcBlyUWVA=YyzaiŁ_^h"S"n T%U S IffRAS"Yy\acB_^YyRAS%\^VacBh% UWY[S"LcBl Th"V]zaiX5%YyUWnUWSxY  cBS%T"UWV]UWS
cBl[l?h" UWY[S%U cBV^_^YmcBlyTV^h%z uŁUp\a\^h"S"n ZCRAS 'UWY[lyzai%UWS1TYyUT%cA\ IffRAS"Yy\acB_^YyRAS%\^ZCRAl[h"UWS PUWl[YyUW"Y[n RB{3_
KcA\]\^YyUWV]UWS uVEAS"S%UWS~XT"UWS
j


















UWZAcBugh"YyUWV^_'wdcA\ TYyU+A &%zauTY "Ph%\]Y[RAS ZCRAS7cA\a\]UWV]\^_]R#"ZCUWV^i"Y[S%T"UWV^S \]RAl[l;h"S%T T%cBY[_T%cA\UWV^V]UWYyzai









w?UWY[_]U@ cBUWVY[S RAV^ UWY[S%UWVf lmcBS"nUWS








PUW_^V `Bnfl_{ &"V TYyUp\aUo'UWY[lyzai%UWS SŁh"V@fu 'T7~*i~'fluT"UWV
TY "Ph\ Th"V]zai T"UWS k1Y[S"nCcBS"nKUWY[SŁ_^V]UW_]UWS%T"UWS}'UWY[lyzai%UWS ZUWV^lmcA\]\aUWS TYyU  c_K"Y[l[lmcBV]UwxYyUpT"UWVTh"V]zai T"UWS
k1Y[S"nCcBS"n h"S%T _^V]UW_]UWS S"YyzaiŁ_ Y[S T"UWSI
RAS"Yy\ cB_^YyRAS%\^VacBh" U Y[S~Ł_^VacBi"l[_]UWY[lyzai%UWSTYyUTY[V]UWuŁ_ Y[Sc egYmc





\^YyU wxY[V^uŁ_LTYyU c_K"Y[l[lmcBV]UKSŁh"VwxYyUUWY[S%UKb?lyUWS%T"UWS E#"PSŁh"S"n%~ C6cBS UWV^V]UWYyzaiŁ_oT%cBY[_oUWY[S%UT"UWh"_^l[Yyzai%U
AFUpTh"ug_^YyRAS}T"Up\XFSŁ_]UWV^nflV]h"S%T"Up\f~*bdUWYT"UW Lc eY[LcBlyUWS q cA\]Th"V]zai%\acB_
j
ZCRAS \]zpzW nUWl[Y[S"nfl_ UWY[S%U
srV^h%zauŁV]UpTh"ug_^YyRAS h" TV]UWYqrVFE,BUWS%RAV]TSgh"S"nUWSUp\t\]_]UWl[l _ \]YyzaiY[S T"UWVT<ffC 

 cBUWV UWY[S srV^h%zau
ZRAS zfc~
3 · 10−8  cBV UWY[S~ XF T%cA\ XSŁ_]UWV^nflV^h"S%T"\^Y[nflScBl=TY[V]UWug_ j h Up\]\]UWS'wxY[V]T TYyU Ł_^VacBi"l 
uRA KPRASU Sg_]UY[_UWY[S%UW ŁiŁh"_^_]UWVcBh%\^nUW"lyUWS%T"UW_f~'F"i`BS"nflY[nKZCRAS T"UWVq cA\]\]RAV^_]UUWV^nflY["_\]Yyzai UWY[S




UWY[nfl_f~XF TYyU 7Y[S"uUWl[ZCUWV^_]UWY[l[h"S"nT"UWV cBh%\^_^V]UW_]UWS%T"UWS 'UWY[lyzai%UWS
j
hUp\a\]UWSuflcBS"STYyU
nUp\acB _]U <ffC  NŁ cBUWV1h",T"UWS  c_K"Y[lmcBV]UWScBh\^_^V^Y[_^_T"UWVO<h%UWl[lyUdh" ±   ◦ cBh%\ T"UWVŁ_^VacBi"lmcAzai%\]U
nUp\]zaiŁw?UWS"ug_=w?UWV]T"UWS~Fh%\=T"UWVrqtUpRAUW_^V^YyUUWV^nflY["_\^YyzaiUWY[S%U 7Y[S"uUWlmcBhX51Efl\]h"S"nZCRAS  ◦ ~



















































   %-ffflfi5ffi0+.)*4fiffiJ+.-0/ 1  H %OE/0 %-!-6-J&( %-  HOE6)   O61ff+B 1  H  . % -ff   %IJ&HOEP  E& %  :
E= "$  -J&(  / '+.-X1>0 %4,&E/ >0 4L/6 flfiffiff)3O.  %-!  K )  %-X1   4*fl1  T. 1B4   +B   '& +.-0/ 1   	 4D/ -)*4*-!& %-ff 4 
& 0&( - NEOEP   Z   '&>0 %4$O6X %-! K )  %- 1  6>E/6 EOE/0 %-:>E= KM %4M-64  1; 4G/0 	04D/ -)*4G-J&( -ff 4,& 6& -64*PAP &1 .
 6+BHfi5ffi6-64,NE H6+ 1  +6&)*4fi5ffi B+:
T"Up\TC6cA\]\]UWS%\LKPUWug_^V]RAUW_]UWV]\ cBh{3nUWS%RAUWS}w?RAV]T"UWS~*s cBPUWY\^_]Y _T%cA\qtUWVa`B_TYyU CcA\]\aUTYy\






CU BgK"h"S"uŁ_]UWS)cBh{ ;fl6PUp\]zai"Va`BS"ug_Yy\^_f~xsrUWVY[S"Y[LcBlyUaC6cA\]\]UWScB%\^_acBS%T Yy\^_UWlyU ug_^V]RAS"Yy\]zai)cBh{















h" UWY[S%UWSTh"V]zaiTYyU >P`Bi%l[\]_acB_^Yy\^_^Y[u 
j
h" cBS%T"UWV]UWScBPUWVLcBh%zaiTh"V]zai\^_FEAV]UWS%T"U k "7UWuŁ_]U
wxYyUTYyU wdUWY[zaiU A EASŁ_^nUWS%\^_^VacBi"l[h"S"nRŁT"UWVtT"UW Y S%i`BV]UWSŁ_]UWS6QUWV]\^_a`BV^uCUWV^VacBh%\]zai%UWS6i%UWV^ZCRAV^nUWV^h{3UWS~
XH{fi&"VcBl[lyUFŁY[nflScBlyUxTYyUp\]U
 





















qtUp\acB_]\LKPUWuŁ_^V^h" Y[_FUWY[S%UWV=nflVFE,BUWV]UWSb;VaU Y[_]UT"Up\ C6cA\]\]UWS{OUWS%\^_]UWV]\FcBh{ nUWS%RAUWS~
UpT"U CUp\]\^h"S"n@wxh"V]T"UUWY[S"LcBl1Y[_th"S%T6UWY[S"LcBlRAi"S%Ub;lyUWS%T"U Y[ Ł_^VacBi"lyUWS"nCcBS"nKTh"V]zai"nU { &"i"V^_f~
h%\;T"UWV;srY "7UWV]UWS
j




zai%UWSX5%h0B Yy\^_f~CsrYyUF5RA_]UWSŁ_^YmcBlyUtcB Ł_acB%\^e\^_]UW wxh"V]T"UWS@\]RUWY[S"nUp\^_]UWl[l[_ŁT%c_B Up\Y[ CcA\a\]UWSŁPUWV]UWYyzai








S%UWV+C6cA\]\]UWS uCRA _f~;h{3nflV^h"S%TT"UWV@"i`BS"nflY[nfluUWY[_T"UWV ŁY[nflScBl["V]UWY[_]UZCRAST"UWV+CcA\a\]Uwxh"V]T"U

















RAS"Yy\ cB_]RAVTYyU@5lm`Azai%Uoh"SŁ_]UWV T"UWS 5UfcBu\ ZCUWV^w?UWS%T"UW_f~5srYyU+CKY[_^_]UWS"lmcBnUT"UWV UfcBug\wxh"V]T"U@UW_
wdcA\






T"UW uVEAS"S%UWSoTYyUrŁY[nflScBlyU={fi&"V C6cA\]\]U xSŁh"V;Y[SL\aUWi"VPUWnflV]UWS
j
_]UW h%\^Lc_BZUWV^w?UWS%T"UW_









hh"SŁ_]UWV]\]zaiU YyT"UWS~"C6cA\]\]U x\LK"YyUWnUWl[_;T%cBY[_Y[ w?Up\]UWSŁ_^l[Yyzai%UWS@UWY SUxY[SŁ_]UWnflV^YyUWV^_]U
I8Sg_]UWS%\^Y[_a`B_ &"PUWVcBl[lyUMC6cA\]\]UWS wxYyT"UWVf~h%\^ScBi"UdYy\^_TYyU IffMC  N"CUW_^i%RŁT"U T%crPUWYW U8Qk1lyUWuŁ_^V]R

S%UWS%UWS%UWV^nflYyU=SŁh"V +  I
RAS%UWSocBh%\T"UWVT"Y VaU ug_]UWS IffRAS"Yy\acB_^YyRASZRAS
2
UWSŁ_]\^_]UWi%UWSuVEAS"S%UWS~Fh%\TYyUp\]UW
qrV^h"S%TwxY[V]TPUWY;T"UWS CUp\a\^h"S"nUWSPUWY?T"UWS%UWS cBh{=T"UWS vrcAzaigw?UWYy\ZCRAS cB_]RALcBV]UW 7cA\]\aUWV]\^_]R#"









h" TY "UWV]UWSŁ_^YyUWl[l5nU K"h" K"_]UWS <ffC6 S"YyzaiŁ_rT"UWS
5l[h0B \]RAS%T"UWV^STYyU cBV^_^YmcBlyTV &%zauCUT"UWV"KPU
j
YyUp\oY[  Up\]\]UWl&s c}Ł_^VacBi"l[_]UWY[lyzai%UpS$T"UWS IffRAS"Yy\acB_]RAV
TYyUp\]Up\ C6KSŁh"V &"PUWV 7cBS%T"\^_ E,BU UWV^V]UWYyzai%UWS7_^i%UWV^LcBl[Yy\^YyUWV]UWSTYyU 'UWY[lyzai%UWScBh{?T"UW 7UWn T"RAV^_















 "` ]O V*_/X#&%	*,`a ffflff&%fi	'
srYyU6'UW KPUWVacB_^h"VKT"UWV c_K"Y[l[lmcBV]U wxY[V]T$Y[_ UWY[S%UW cAT"UWS%\]_^VacBi"l[KŁeŁV]RAUW_]UpVK\]zai"Va`Bn ZCRAS$ZRAV^S%U
Th"V]zaiTYyUb?lyUWS%T"URŁT"UWV\]UWS"ugV]UpzaiŁ_
j
h"Vxzai%\]UUWSŁ_^lmcBS"nKT"UWVFh0BUWSŁwdcBS%T nU Up\a\]UWS~ CY[Bfl_ LcBS






h6uCRAV^V^Y[nflYyUWV]UWS~ 7Y[V]Ti"Y[S"nUWnUWS Y[S T"UWV Fh%\]_^V^Y[_^_]\FE#"SŁh"S"nnUWUp\]\]UWS7\]R@icB_tLcBS




h _^h"S h"S%T6 h0BuCUWY[S%URAV^V]UWug_^h"V ZCRAV^S%UWi"UWS~^I
S6PUWYyT"UWS









PUp\^_^Y[ _rwxh"V]T"Ufl~PsrYyU_acB_]\a`Azai"l[Yyzai%U 'UW KPUWVacB_^h"V
T
PUWV]Upzai"S%UW_t\]Yyzai








ln(w · τf ) . | ;~[
&"VT"UWSLPU _]VacAzaiŁ_]UW_]UWS "KPUWug_^VacBl[PUWV]UWY[z i
j
wxYy\]zai%UWSLCfl h"S%ToAfl S" wxh"V]T"Ux{ &"V
w
UWY[S 7UWV^_ZCRAS









! 9'0  8ED!*;0,"%$0M29 !  < 9+fi0:
 .!6   0   #9] _ ! K1.!%9]! !/fi0ff &'9]#67 EB*]ED!   !!08 9]:;Mfl 
C
:;9+8 Ffifl/fl, ?]8 <	! 0 + =9]EF/67 
_ 9]&MfiP$0 E76;0D!;<
;gG
            !
cBV^uCUWY[_FZCRAS ±   ◦ 9 ~h%\FUWY[S%UW QUWV^nfllyUWYyzaiY[_Fh"SŁ_]UWV]\]zai"YyUpTl[Yyzai%UpS61egV]RAUW_]UWV^SUWV^i`Bl[_LcBS 	 U




 ◦ 9 h"S%TKfl ◦ 9 ~
 Mffifl%
 






T"UW,TY "UWV]UWSŁ_^YyUWl[l"nU K"h" K"_]UWS <ffC T"UWV1'l[h0B T"UWV 'UWY[lyzai%UWSTY[V]UWug_5nUWUp\]\]UWS wxY[V]T ARŁT"UWV1RALcBS






h"S%UWi"UWS%T"UpVF c_K"Y[l[lmcBV]UWSŁ_]Up KPUWV cB_^h"V
T
PUWY

















w?UWY[_]UWS cBl[l uflcBS"S LcBS T%cfZCRAS cBh%\^nUWi%UWS=T%c_BTYyU 'UWY[lyzai%UWS







Th"V]zaioTYyUF c_K"Y[l[lmcBV]UUWl[Y[h" PUWYU Y[S%UW uRAS%\]_acBSŁ_]UWSQRAV]TV^h%zau ZCRASo HG  cBVY SoT"UWV?q cA\^lyUWY[_^h"S"n
T"Rfl\^YyUWV^_ h"S%TTYyU c_K"Y[l[lmcBV]UWSŁ_]Up KPUpVacB_^h"V ZflcBV^Y[YyUWV^_f~^CY[_ T"UWV]UWRA_]U NX<ffC 6wxh"V]T"ULT"UWV cBV^_^YmcBl






















UWY[nfl_PT"UWVLMO  # %E
NA"=PUWV]Upzai"S%UWS~
CY[_\]_]UWY[nUWS%T"UWV? c_K"Y[l[lmcBV]UWSŁ_]UW KUWVacB_]h"Vd\^Y[S"ug_T"UWV? cBV^_^YmcBlyTV^h%zauY[  UW\a\]UWl
j
h%UWV]\^_h" T%cBS"SLPUWY




h"S%UWi"UWS~1s cT"UWVQUWV]\^h%zai PUWY?uCRAS%\^_acBSŁ_]UW srV^h%zau
pi

















\]UWS wxh"V]T"Ufl~bdUWnflY[S"S%UWS%T PUWY ArcBh" _]UW KPUWVacB_^h"V*uCRA _Up\
j
hUWY[S%UWV\^_]UW_^Y[nUWS ŁY[nflScBlmcB"ScBi"U~






Kapillare: di = 1.0 mm
ΓD2= 0.8 mbar, Ee-=70 eV/70 eV, U
QMS-C-Eintrittsrohr 1 mm,QMS im Kessel,
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ρ = tan Ψ ei∆
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Ψ ∈ [0◦, 90◦], ∆ ∈ [0◦, 360◦] . | ;~ Ł
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 TKap= 2250 K
 TKap= 1300 K





















 TKap=  300 K
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ΓD2 = 0,03 sccm
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log(Kp(T )) = −23700/T + 6,35 c U É{Ã ?mÆÒ{ç?É{Ã
e
.






















· p Ì4ÃnÄ p  = 2α
1 + α































































































































































































































ÖUÄWÉ;ÆgÄWÉ;Æ UðÐnÆfl×Ç/É;Æ#Ä4ÆÇ ?Ê/Ç5ËQÐ4Ò@åG×Ç  
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DÆÒ{ánÎ/Êðå fi4ÇÄ4ÆÃoÕAÇX%êAÊZÆÃìäàÌ4ÇZÏ5Ð9Î5ËQÊ/ÜmÉ;Î/ÊÄWÉ;Æ ?Ê/Ç5ËQÐ4Ò@åE×Ç/Ø íîÆflÄ4×?Ï5Ð2Ä4ÆÌ4Ê/Ò{É;Ï5ÐìÎ/Ê5ëQÇ/ï0ÆÇbËQÌnÎ/ÕcÆâ4Ç5ëQÕAÊàËQÒ;Î






































































0.33 sccm  × 6   L
0.2 sccm  × 8   L
0.1 sccm  × 9.4   L
0.03 sccm  × 11.3   L
Kapillare: di = 1.0 mm
ΓD2= variabel, Ee-=14 eV/70 eV, U
QMS-C-Eintrittsrohr 1 mm, DeltaM= 30, ResN=0, SEM 900 V
2 × 35 A
Verstärkung_2.opj (GraphDiss)
Fri,28.01.00
Kosinus  × 1.0
1,0 sccm  × 3,80,7 sc m  × 4,40,33 sccm  × 6,0
0,2 sccm  × 8,0
0,1 sccm  × 9,4
     ΓD2              χ          
0,03 sccm   ×11,8
0,1 sccm     ×10,0
0,2 sccm     ×  8,3
0,33 sccm   ×  6,6
0,7 sccm     ×  4,3
1,0 sccm     ×  3,6
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- = 70 eV
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(×D)  ×1017 {7r	 −1  −1

 ×1016 vQ −2  −1

5 } T





} _5  1, 8± 0, 5 0, 84± 0, 25
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  2, 2± 0, 8 1, 04± 0, 35
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ïAËQÃ4ÃMÄ4ÆÇ  DÉ;ÎZÊZÆÃ4Ü>çc×ÃMã=ÆÊ/Ð ?ÒnÜflÌ4ÕcÆflÎ5Ï5Ð4Ç/É;ÆáUÆÃMÝ6ÆÇZÄ4ÆÃ+Þ
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ÆÉ{ÃnÆØ Ê/ÐnÆÇ/ØXÉ;ÎZÏ5ÐTËQïDÊ/É{ç?É;ÆÇ/ÊZÆÃ ÇZ×ÜiÆêtÆÇ/ÝðËQÇ/ÊZÆÃMÝ fi4ÇZÄ4ÆAÞ?äÉ;Æ?Ê5ËQÃnÄnËQÇZÄN/?ã /?ã=ÆÊ/Ð9×?Ä4ÆàÐ4É{Ã4ÕcÆÕcÆÃ
ÜiÆÉ{ÕAÊÙáUÆÇZÆÉ{ÊZÎMáUÆÉ-UOÆØXâUÆÇ5ËQÊ/Ì4Ç5ÆÃ çc×Ã
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ÇZÆÃrþ>ÌnÎ/Ý6ÆÇ/ÊZÌ4Ã4Õ=Ä4ÆÇ#ãËÎZÎZÆÃnÎ/âUÆïDÊ/ÇZÆÃ fi4áUÆÇ/â4Ç fiWå'Ê#Ý6ÆÇZÄ4ÆÃ+ÖO×áñÆÉ{ÃnÆ UOÆØXâUÆÇ5ËQÊ/Ì4Ç5ËQánÐ9ëQÃ4ÕAÉ;ÕAï0ÆÉ@Ê
Ä4ÆflÎKVfl-/"cV.Bq'?RK$4"A&G&(.-.8ç0×Ç/Ò{É;ÆÕAÊiÞ






























































mT = αT ·m0 + βT ·m∗ . c  nÞ
ú e





m0 ·m∗ = 0 ÆÉ{ÃnÆÃìþàÌnÎZÄWÇ/ÌnÏ5ïMå fi4Ç αT V αT = m0 ·mT Þ
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ä÷ÆÇ É{ÃWònÌ4ê	Ä4ÆÇ#Ê/ÐnÆÇ/ØXÉ;ÎZÏ5ÐnÆÃÑþ>Ã4ÇZÆÕAÌ4Ã4ÕËQÌWå>ÄWÉ;Æ´ÄWÉ;ÎZÎZ×ÜflÉhËQÊ/É{ç0ÆMÂ ×Ã4É;Î5ËQÊ/É;×Ãrç0×Ãrã=×Ò;Æï fi4Ò;ÆÃrÉ;Î/Ê
Ã4É;Ï5Ð?ÊXÃ?Ì4ÇÙËQÌWå÷ãkÆÊ/Ð9ËQÃÑáUÆflÎZÏ5Ð4Ç5ëQÃ4ïDÊiÞäÉ;ÆflÎZÆÇÚÆï?ÊXÉ;Î/ÊXÄ4ÆflÎZÐ9ËQÒ{áÑáUÆÉ>ËQÒ{Ò;ÆÃÅþàÃ?Ý6ÆÃnÄWÌ4Ã4ÕcÆÃÄ4ÆÇ








ÇZÆiËQï?Ê/É{ç0ÆÃi?à×Ð4Ò;ÆÃ?ÝËÎZÎZÆÇZÎ/ÊZ×QÚÆÃ9ËÏ5Ð4ÕcÆÝÉ;ÆflÎZÆÃ Ý6ÆÇZÄ4ÆÃ+ÞKÓ É;ÆÑáUÆÇZÆÉ{ÊZÎñÉ{Ã þàá4á+Þ nÞ
úAú
ÕcÆÜiÆÉ{ÕAÊiÖ
ÆÃ?ÊZÎ/ÊZÆÐnÆÃ áUÆÉoÄ4É{ÆflÎ5ÆÇ UOÆØXâUÆÇ5ËQÊ/Ì4Çï0ÆÉ{ÃnÆ Î/ÊËQá4É{Ò{ÆÃ Ð6%ÐnÆÇZÆÃ ?à×Ð4Ò;ÆÃ?ÝðËÎZÎZÆÇZÎ/ÊZ×QÚÆAÖXÝðËÎÑÄ4ÆÃ










































4 −→   3 +  ÒhëQêAÊbËQáUÆÇðÄWÉ;Æ WÉ;Î/ÊZÆÃ4Ü
ç0×Ã ËQÊZ×ØÙËQÇZÆØ ÓÔËÎ5ÎZÆÇZÎ/ÊZ×QÚ!ÆÇ/ÝðËQÇ/ÊZÆÃ+ÞKãìÉ{ÊÄ4ÆØ Ò{É{ÃnÆ (×Qå  (Î/É{ÕAÐ?ÊC/O,ã  É;ÎZÊÆÎ	Ã4É;Ï5Ð?ÊØ&%ÕAÒ{É;Ï5Ð





































(3± 1) · 1013 ÏØ −2 Î −1 Þ
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bàØÄWÉ;Æ#áUÆÎZÊZÆÐnÆÃnÄ4Æ+bàÃnÎ/É;Ï5ÐnÆÇ/ÐnÆÉ{Ê÷áUÆÉÄ4ÆÇ  DÇZ×Ò WÎZÆgçc×ÃãkÆÊ/Ð9ËQÃ+ÖUÄnËQêoËQÊZ×ØÙËQÇ5Æ.ÇmÓñËÎZÎZÆÇZÎ/ÊZ×QÚ
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É{Ø UOÆÉ{Ò;Ï5ÐnÆÃnÎ/Ê/Ç5ËQÐ4ÒyÎZÊ5ËQØXØgÊiÖ9ÎZ×ÃnÄ4ÆÇ/Ã=Î5×qÝ6×Ð4ÒOÄWÌ4ÇZÏ5Ð=ÄWÉ;ÆKÄWÉ;ÎZÎZ×ÜflÉhËQÊ/É{ç0ÆfÂ ×Ã4É;Î5ËQÊ/É;×Ã=Ä4ÆflÎ 
(ãìÌ4ÊZÊZÆÇ /

































ÜflÌ4Ç finÏ5ïDÜÌ4å fi4Ð4ÇZÆÃTÎ/É{ÃnÄÞ?Â(Ø Ý6ÆÉ{ÊZÆÇZÆÃ´ÝÉ{ÇZÄÙçcÆÇZÎZÌnÏ5Ð?Ê,Ä4ÆÃ '6ÆÉ{Ê/Ç5ËQÕXËQÃMãkÆÊ/Ð DÒ /?æËÄWÉ{ïËQÒ;ÆÃMÉ{Ø UOÆÉ{Òff 
Ï5ÐnÆÃnÎ/âUÆïDÊ/Ç/Ì4Ø ØXÉ{ÊIÄ4ÆÇIÂ$Uã /?ãkÆÊ/Ðn×?Ä4ÆðÌ4ÃnÄXÄ4ÆÇ 
 ?Ê5ËQÃnÄnËQÇZÄ  /?ã /?ãkÆÊ/Ðn×DÄ4ÆÜflÌffi0Ì9ËQÃDÊ/É@ÍnÜflÉ{ÆÇZÆÃ+Þ




%Ì4Ø ÆÉ{ÃnÄ4ÆÌ4Ê/É{ÕcÆÃ ß÷ËÏ5Ð?Ý6ÆÉ;ÎÄ4ÆflÎã=ÆÊ/Ð DÒ0/?æàËÄWÉ{ïAËQÒ;Î=ïAËQÃ4ÃØÙËQÃ+ÖàÝÉ;ÆñÉ{Ø é%ËQÒ{ÒtÄ4ÆÇãkÆÊ/Ð9ËQÃ /
 DÇZ×Ò DÎZÆAÖyÄWÉ;Æ´ÂCUã /?ã=ÆÊ/Ðn×?Ä4ÆoËQÃ?Ý6ÆÃnÄ4ÆÃ+ÞÂÃ UyËQá+Þ  nÞ
a
Î/É{ÃnÄrÄWÉ;ÆMØ&%ÕAÒ{É;Ï5ÐnÆÃÅæ>ÆiËQïDÊ/É;×ÃnÎ/ïËQÃ9ë	 
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 TKap = 1150 K
 TKap =   300 K
σ ( CH3 + e-    
    CH3
+
 + 2 e- )
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Æ) á4É;Î÷ÜflÌ4Ø ãkË	WÉ{ØgÌ4Ø áUÆÉ
a"h
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çc×Ã#Ä4ÆÇ Ò;ÆïDÊ/ÇZ×ÃnÆÃnÆÃnÆÇ/ÕcÉ;Æ6ÕcÆØ8ÆflÎZÎZÆÃgÌ4ÃnÄgÄ4ÆÇ)èÆÇ/ÒhËQÌWånØXÉ{ÊyÄ4ÆÇ ?ïAËQÒ{É;ÆÇ/Ì4Ã4Õ÷Ä4ÆflÎ¥áUÆïAËQÃ4Ã?ÊZÆÃ#Ó É{Ç  






(3± 1) · 1014 ÏØ −2 Î −1 Ì4ÃnÄoÄnËQØXÉ{Ê
















































ÕcÆÃoËQÌnÎ6ÆÉ{ÃnÆØ ?âUÆï?Ê/Ç/Ì4Ø!ÝÉ;ÆàÉ{Ã´þàá4á+Þ  nÞ
úiü
åflfi4Ç6ÄWÉ;ÆÎZÆflÏ5ÐnÎUOÆÉ{Ò;Ï5ÐnÆÃnÎ5×Ç/ÊZÆÃoÄWÉ;ÆþàánÎZ×Ò{Ì4Ê/áUÆÉ{Ê/Ç5ëQÕcÆ









äÉ;Æ=ÕcÆØ8ÆflÎZÎ5ÆÃnÆÃ ÓÔÆÇ/ÊZÆkÎZÉ{ÃnÄÛÉ@Ã UyËQá+Þ  nÞ
ü
ÜflÌnÎËQØXØ8ÆÃ4ÕcÆflÎ/ÊZÆÒ{Ò{ÊiÞä÷ÆØ é9ÆÐ4Ò;ÆÇfln	QZ"3rÄ4ÆÇ






























































Ä4ÆÇðã=×Ò;Æï fi4Ò;Æbåflfi4Ç6ÄWÉ;Æ ?fËQÒ{É{á4Ç/É;ÆÇ/Ø8ÆflÎZÎ/Ì4Ã4ÕcÆÃoÌ4ÃnÄÙå fi4Ç6ÄWÉ;Æ






























· j   . c  nÞ úiüe
é fi4Ç´ÄWÉ;Æ`,àÌ9ËQÃ?Ê/É@ÍnÜflÉ;ÆÇ/Ì4ÃnÕÑÄ4ÆflÎ´éOÒ{ÌnÎ5ÎZÆflÎ´ËQÃ ã=ÆÊ/Ð DÒ0/?æàËÄWÉ{ïAËQÒ;ÆÃÛïAËQÃ4ÃÛØÙËQÃÛÝÉ;ÆflÄ4ÆÇoËQÌnÎ/ÃDÌ4Ê/ÜiÆÃ+Ö
ÄnËQê´ÄnËÎàãË	DÉ{ØgÌ4ØÄ4ÆflÎ>â9ËQÇ/Ê/É;ÆÒ{Ò;ÆÃkÓ É{Ç/ï?Ì4Ã4ÕcÎ ffi0ÌnÆÇZÎZÏ5ÐnÃ4É{Ê/ÊZÎbåflfi4ÇàÄWÉ;ÆgÄWÉ{ÇZÆï?ÊZÆ Ò;ÆïDÊ/ÇZ×ÃnÆÃnÆÃnÎ/ÊZ×ê /
Â ×Ã4É;Î5ËQÊ/É;×Ã2çc×Ã2ãkÆÊ/Ð9ËQÃ2Ì4ÃnÄ2ã=ÆÊ/Ð DÒÕAÒ;ÆÉ;Ï5Ð2ÕAÇZ×êÙÎ/É{ÃnÄ cEÎZÉ;ÆÐnÆ UyËQá+Þ  nÞ  
e
ÞnämËQØXÉ{ÊbïËQÃ4Ã2ØÙËQÃ2ÄWÉ;Æ
?fËQÒ{É{á4Ç/É;ÆÇ/Ø8ÆflÎZÎZÌ4Ã4ÕÙØXÉ{Ê>ãkÆ.ÊZÐ9ËQÃ=ËQÌnÏ5Ðoå fi4Ç>ÄWÉ;ÆméyÒ{Ì4ê ffi?Ì9ËQÃ?Ê/É@ÍnÜflÉ;ÆÇ/Ì4Ã4Õ´Ä4ÆflÎbãkÆÊ/Ð DÒ;ÎáUÆÃ?Ì4Ê/ÜiÆÃ+Þ
äÉ;ÆÇ/ÕcÆá4Ã4É;ÎZÎZÆ÷Ä4ÆflÎðþ>Ò{Õc×Ç/É{Ê/Ð4ØgÌnÎðÌ4ÃnÄ´ÄWÉ;Æ÷ÄnËQÇ5ËQÌnÎ6áUÆflÎ/Ê/É{ØXØgÊZÆÃoþàánÎZ×Ò{Ì4ÊîòfinÎZÎ5ÆàÎZÉ@Ã9ÄÙÉ{ÃUyËQá+Þ  nÞ





(1, 2±0, 9)·1014 ÏØ −2 Î −1 É{Ã
 
áUÆÇZÆÉ{ÃnÎ/Ê/É{ØXØgÌ4Ã4ÕfØXÉ{ÊÄ4ÆØ ËQÌnÎÄ4ÆÇ
ÂCUã /?ãkÆÊ/Ðn×?Ä4ÆKÕcÆ.åEÌ4ÃnÄ4ÆÃnÆÃ=ÓÔÆÇ/ÊiÞ%äÆÇþ>Ã?ÊZÆÉ{ÒËQØ <÷ÆflÎ5ËQØgÊîònÌ4êTËQÌWåèÄ4ÆÇ ?Ê/Ç5ËQÐ4ÒhËÏ5ÐnÎZÆKáUÆÊ/Ç5ëQÕAÊ
ÏiËWÞ
a j



































0, 14 ± 0, 012 0, 19 ± 0, 01 0, 072 ± 0, 005 0, 0198 ± 0, 005 0, 069 ± 0, 005
= N
0, 43 ± 0, 02 1, 27 ± 0, 05 0, 13 ± 0, 005 0, 042 ± 0, 005 0, 26 ± 0, 01
=<
1, 17 ± 0, 1 1, 64 ± 0, 05 0, 039 ± 0, 004 0, 34 ± 0, 005 0, 28 ± 0, 01 2, 33 ± 0, 1
=/M N
19, 96 ± 0, 2 0, 0062 ± 0, 001 0, 0401 ± 0, 003 0, 57 ± 0, 01 7, 86 ± 0, 05
=L N
24,87± 0,2 0, 0069 ± 0, 0015 0, 001 ± 0, 001 0, 006 ± 0, 001 4, 74 ± 0, 05
>< N
0, 001 ± 0, 001 1, 26 ± 0, 05 0, 24 ± 0, 01 0, 041 ± 0, 004 0, 027 ± 0, 005
>M N
0, 001 ± 0, 001 5, 95 ± 0, 10 0, 83 ± 0, 02 0, 26 ± 0, 01 0, 15 ± 0, 01
>#L N
0, 013 ± 0, 003 32,86± 0,20 8, 23 ± 0, 1 2, 12 ± 0, 05 1, 285 ± 0, 05
> N
0, 013 ± 0, 003 0, 68 ± 0, 03 7, 98 ± 0, 1 3, 62 ± 0, 07 1, 86 ± 0, 05
>	
38,46± 0,2 0, 053 ± 0, 005 0, 18 ± 0, 01 14,65± 0,1 12,1± 0,1 21,735± 0,1
>	

0, 40 ± 0, 1 0, 001 ± 0, 001 0, 005 ± 0, 001 0, 31 ± 0, 01 3, 87 ± 0, 06 1, 852 ± 0, 04
N N





































65 ± 10 51 ± 10 26 ± 10 11 ± 10 136 ± 14
=<
52 ± 10 136 ± 14
N




37 ± 10 1000± 100
=L N
1000± 100
N N N N
>< N N
56 ± 10 29 ± 10
N N
>M N N
202 ± 20 104 ± 10 34 ± 10
N
>#L N N
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ãkÆÊ/Ðn×?Ä4ÆgÆÃDÊÝÉ;Ï5ïcÆÒ{ÊiÖUÄ4É{Æ#ÆflÎÆÇ/ÒhËQÌ4á4ÊiÖUÄWÉ;ÆKÓ É{Ã4ïcÆÒ{ç0ÆÇ/ÊZÆÉ{Ò{Ì4Ã4Õ´Ì4ÃnÄkÄ4ÆÃkþàánÎZ×Ò{Ì4ÊîònÌ4ê´ÜflÌ=Ø8ÆflÎZÎ5ÆÃ+Þ
?É;Æká9ËÎ/É;ÆÇ/ÊoËQÌ4ågÄ4ÆÇ ÇZ×AÎ/É;×ÃvÆÉ{ÃnÆÇTÕAÇZ×êò%ëÏ5Ð4É{ÕcÆÃ¨Ë	  V /DÏ5Ð4É;Ï5Ð?ÊoáUÆÉmÆÇ/Ð6%Ð?ÊZÆÇIUOÆØXâUÆÇ5ËQÊ/Ì4Ç
Ì4Ã?ÊZÆÇ,þ>ÌnÎZÃ?Ì4Ê/ÜflÌ4Ã4ÕKÄ4ÆÇèáUÆïËQÃ4Ã?ÊZÆÃ ÇZ×AÎZÉ;×ÃnÎ5ËQÌnÎ/áUÆÌ4ÊZÆ>Ì4ÃnÄXÒhëQêAÊèÎZÉ{Ï5ÐMËQÌWåÄ4É{Æ',Ð9ËQÇ5ËQï?ÊZÆÇ/É;ÎZÉ;ÆÇ/Ì4Ã4Õ
í/ÆflÄ4ÆÇ>ËQÃnÄ4ÆÇZÆÃ`,àÌnÆÒ{Ò;Æmå fi4Ç>ËQÊZ×ØÙËQÇZÆÃìÓñËÎZÎZÆÇZÎZÊZ×QÚ	ËQÃ?Ý6ÆÃnÄ4ÆÃ+Þ
IÎrï0×Ã4Ã?ÊZÆ ËQØ '6ÆÉ;ÎZâ4É;Æ.ÒoÄ4ÆflÎrãkÆÊ/Ð9ËQÃnÎrÕcÆÜiÆÉ{ÕAÊ Ý6ÆÇZÄ4ÆÃ+ÖtÄnËQê^ÄnËÎrÏ5Ð9ËQÇ5ËQïDÊZÆÇ/É;Î/Ê/É;ÎZÏ5Ð9Æ énÇ5ËQÕ  
Ø8ÆÃ?Ê/É;ÆÇ/Ì4Ã4ÕcÎ/ØgÌnÎZÊZÆÇrÆÉ{ÃnÆflÎÔãk×Ò;Æï fi4Ò;ÎáUÆÉÙÄ4ÆÇ Ò;Æï?ÊZÇZ×ÃnÆÃnÎ/ÊZ×ê /?Â×ÃnÉ;Î5ËQÊ/É;×Ã É@Ø Â×Ã4É;Î5ËQÊ5×ÇÔÄ4ÆflÎ
ãËÎZÎZÆÃnÎ/âUÆïDÊ/ÇZ×Ø8ÆÊZÆÇZÎÑç0×Ã ÄnÆ.Ç <mËÎ/ÊZÆØXâUÆÇ5ËQÊ/Ì4ÇÛËQá4Ð9ëQÃ4ÕAÊqÞMßàÐ4ÃnÆ 'ðÆÇ finÏ5ïWÎ/É;Ï5Ð?Ê/É{ÕAÌ4Ã4Õ ÄWÉ;ÆflÎZÆÇ
UyËQÊZÎ5ËÏ5ÐnÆ=ÝÉ{ÇZÄ ÄWÉ;ÆkþàÌnÎ/áUÆÌ4ÊZÆkËQÃ  
3














ËQánÎZ×Ò{Ì4Ê ffi?Ì9ËQÃ?Ê/É@ÍnÜflÉ;ÆÇ/ÊZÆÃämËQÊZÆÃvåflfi4Ç2ÄnËÎk}f"îH& 	Q.-.ffi ZR0Ûçc×Ãsã=ÆÊ/Ð DÒ0/?æàËÄWÉ{ïAËQÒ;ÆÃ¨ËQÌWå8Ë	  V  /
ßàáUÆÇîò%ëÏ5ÐnÆÃ Ò{É;Æ.åGÆÇ/Ã+ÞmÓvëQÐ4ÇZÆÃnÄ Ä4ÆÇÓÔÆflÏ5ÐnÎZÆÒ{ÝÉ{Ç/ï?ÌnÃ4Õ¨Ä4ÆÇ  
3
 (ãk×Ò;Æï fi4Ò;ÆÅØXÉ{ÊÔÄ4ÆÇñË	  V  /
ßàáUÆÇîò%ëÏ5ÐnÆ8ÝÌ4ÇZÄ4Æ8ØXÉ@ÊfÉ{Ã (Î/É{Ê/Ì Ò{Ò{É{ânÎ5×Ø8ÆÊ/Ç/É;Æ8É{Ã IÏ5Ð?Ê/ÜiÆÉ{ÊgÄnËÎ DÏ5Ð4É;Ï5Ð?ÊÝËÏ5ÐnÎ/Ê/Ì4Ø ç0ÆÇîåG×Ò{ÕAÊiÞ IÎ
ÆÇ/ÕAÉ{á4Ê>ÎZÉ{Ï5ÐìÆÉ{Ãk}f"îH&'BQYC ñ1ff.9&å fi4Ç  
3
ç0×Ã
(1± 0, 4) · 10−4 Þ
IÎ´ï0×Ã4Ã?ÊZÆ=ÜflÌnÄ4ÆØ ÕcÆÜiÆÉ{ÕAÊTÝ6ÆÇZÄ4ÆÃ+ÖðÄnËQê ÆflÎ´áUÆÉ÷Ä4ÆØ ÕAÒ;ÆÉ;Ï5Ð4ÜiÆÉ{Ê/É{ÕcÆÃ IÉ@ÃDÝÉ{Ç/ïcÆÃ ç0×Ã ËQÊZ×ØÙË	 




ÆÇZÎ/Ê/ØÙËQÒ;ÎgÆWâUÆ.ÇZÉ@Ø8ÆÃDÊZÆÒ@ÒðÄWÉ{ÇZÆï?ÊKÃ9ËÏ5Ð4ÕcÆÝÉ;ÆflÎZÆÃrÝ6ÆÇZÄ4ÆÃ+Þ IÇ/ï?ÒhëQÇ/ÊgÝÉ{ÇZÄÔÄWÉ;ÆflÎZÆÇ  ?ÃnÆÇ  

















ÊZÆj'ðÆfl×á9ËÏ5Ð?Ê/Ì4Ã4ÕÄ4ÆflÎ  ?ÃnÆÇ/ÕAÉ;Î/ØgÌnÎgÜflÝÉ;ÎZÏ5ÐnÆÃ ËQÊZ×ØÙËQÇZÆØ ÓñËÎZÎZÆÇZÎZÊZ×QÚ Ì4ÃnÄñã=ÆÊ/Ð DÒ0/?æàËÄWÉ{ïAËQÒ;ÆÃ
Ì4Ã?ÊZÆÇZÎ/Ê fi4Ê/ÜflÊèÄWÉ;Æðã=×?Ä4ÆÒ{Ò{ç0×ÇZÎ/ÊZÆÒ{Ò{Ì4Ã4ÕcÆÃ8ÜflÌ4ÇIæ>×Ò{Ò;ÆðÄ4ÆflÎãkÆ.ÊZÐ ?Ò0/?æËÄWÉ{ïËQÒ;ÎIËQÒ;ÎÝ6ÆflÎZÆÃ?Ê/Ò{É;Ï5ÐnÆÇIÓÔËÏ5ÐnÎ  
Ê/Ì4Ø8Î/â4ÇZÆflÏÌ4ÇZÎZ×Ç>áUÆÉ¥Ä4ÆÇ>äÉhËQØÙËQÃ?ÊZÎ DÃ?Ê/ÐnÆflÎZÆAÞ
ämËQÇ fi4áUÆÇ/Ð4É{Ã9ËQÌnÎ ÆÇ/Ø&%ÕAÒ{É;Ï5Ð?Ê ÄWÉ;Æ ?mÆÃ4Ã?Ê/Ã4É;Î Ä4ÆflÎ }f"/H.&'BQYC ñ1flG.%&(.9ÖkÄWÉ;Æ!æ>ÆflÄ4ÆâU×AÎ/É{Ê/É;×Ã ç0×Ã
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xk · ρ dxk cEþgÞ
úfe















ρ = p(xk| ° ,  , I) =
∫













Ä4ÆÇ É{Ã4ÜiÆÒ{Ø8ÆflÎZÎ/Ì4Ã4ÕcÆÃrÌ4Ã?Ê5Æ.Ç5Æ.É{Ã9ËQÃ9Ä4ÆÇtÆÇ/ÕAÉ{á4ÊgÎ/É;ÆÙÎ/É;Ï5ÐñËQÒ;Î ÇZ×?ÄWÌ4ïDÊgÄ4ÆÇ É{Ã4ÜiÆÒ{ÝðËQÐ4Ç5ÎZÏ5ÐnÆÉ{ÃnÒ{É;Ï5Ð 
ïcÆÉ{ÊZÆÃ4V
p( % | ° ,  , I) = p(x1 . . .xJ |d1 . . .dJ , s1 . . . sJ , I) =
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p(  | I) ÌnÃnÄ fi4áUÆÇXÄnËÎXénÆÐ4Ò;ÆÇ/Ã4É{ç0ÆiËQÌÅÄ4ÆÇXämËQÊZÆÃ p(ω| I)
ØXÉ{ÊZÆÉ{Ã4ÜflÌ4áUÆÜflÉ;ÆflÐnÆÃ+Þ IÎbÕAÉ{Ò{Ê V
p(dj |xj , sj , I) =
∫ ∫
p(dj ,  , ω|xj , sj , I)︸ ︷︷ ︸
A
dω d  ,
cEþgÞ
ae
A = p(dj |xj ,  , ω, sj , I) · p(  , ω|xj , sj , I)︸ ︷︷ ︸
B
,
B = p(  |xj , ω, sj , I) · p(ω|xj , sj , I) .
ÓÔÆÕcÆÃ2Ò;×ÕAÉ{Î5Ï5ÐnÆÇ-bàÃ9ËQá4Ð9ëQÃ4ÕAÉ{ÕAï0Æ.É{ÊàçcÆÇZÆÉ{ÃWåffËÏ5ÐnÆÃìÎ/É;Ï5ÐìÄWÉ;Æfþ>ÌnÎZÄ4Ç finÏ5ïcÆ"V
p(  |xj , ω, sj , I) = p(  | I) , cEþ#Þ
üe
p(ω|xj , sj , I) = p(ω| I) , cEþ#Þh
e
p(xj |  , ω, sj , I) = p(xj | I) . cEþgÞ
e
É{Ã4ÕcÆflÎZÆÊ/ÜflÊ>É{Ã <ÒffÞnþgÞ  8ÆÇ/ÕAÉ{á4ÊàÎ/É;Ï5Ð2ÄnËQÃnÃ4V
ρ ∝
∫ ∫ ∫ ∏
j





































(dj −  · xj)T s −2j (dj −  · xj)
)











−1 ·  Ì4ÃnÄ dj∗ = sj−1 · dj . cEþgÞ
úAúfe
äÉ;ÆåG×Ò{ÕcÆÃnÄ4Æffi?Ì9ËÄWÇ5ËQÊ/É;ÎZÏ5ÐnÆKé9×Ç/Ø Ä4ÆflÎ  WâU×ÃnÆÃ?ÊZÆÃ
(dj −  · xj)T s −2j (dj −  · xj) = (xj − x0,j)T

















































































































































































[(xk − x0,k)T  k (xk − x0,k) +Rk]
)
dxk
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ÖnÎ5×XÆÇ/ÕAÉ{á4Ê>Î/É;Ï5Ðoå fi4ÇbÄ4ÆÃ IÇ/ÝðËQÇ/Ê/Ì4Ã4ÕcÎ/Ý6ÆÇ/Ê V
< xk >∝
∫ ∫


























< xk > ∝
∫



















































































































































2√| Ä4ÆÊ  k| .
cEþgÞ
"he








































| Ä4ÆÊ  k|
=
= −2ω2 · (
√




| Ä4ÆÊ  k| =
= −2ω2 · (
√
2pi ω)Nk · | Ä4ÆÊ  k|−
3





































| Ä4ÆÊ  j |





2pi · ωNk · | Ä4ÆÊ  k|−
1
2 · (  k−1)ii + x0,k2 ·
(2piω2)
Nk/2√| Ä4ÆÊ  k|
]
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p(  | I) ·
[
1































































































ÊZÆÒ{Ò;ÆÃìé9ÆÐ4Ò;ÆÇ>Ì4ÃnÄ2Ä4ÆflÎbé9ÆÐ4Ò;ÆÇ/Ã4É{ç0ÆflËQÌ9Î fi4áUÆÇ/â4Ç fiWåGÆÃ+Þ9ÂØ þ>Ò{Õc×Ç/É{Ê/Ð4ØgÌnÎ>ÝÉ{ÇZÄ2Ä4ÆÇ%ÌnÎ5ËQØXØ8ÆÃ4Ð9ËQÃnÕ











< ω >≡ 1 Þ%äàÉ;ÆflÎ5ÆKþ>Ã4Ã%ËQÐ4Ø8ÆKïËQÃ4Ã fi4áUÆÇ/â4Ç fiWå'Ê
Ý6ÆÇZÄ4ÆÃ+ÖnÉ{ÃnÄ4ÆØ ØÙËQÃìÄ4ÆÃ2Ê5ËQÊZÎ5ëÏ5Ð4Ò{É;Ï5ÐnÆÃ Ç/ÝðËQÇ/Ê/Ì4Ã4ÕcÎ/Ý6ÆÇ/ÊàáUÆÇZÆflÏ5Ð4ÃnÆÊiÞ IÎÕAÉ{Ò{ÊàËQÌnÎ/ÜflÌ4ÇZÆflÏ5Ð4Ã9Æ.ÃV
< ω >=
∫
ω · p(ω| ° , I)dω∫




p(ω| ° , I) =
∫ ∫




, ω,  , % |I) = p(ω,  , % | ° , I) · p( ° |I) ×?Ä4ÆÇ
= p( % ,  , ω|I) · p( ° | % ,  , ω, I) . cEþ#Þ  he
ffi
























° |I) · ∫ ∫ ∫ ω · p( ° | % ,  , ω, I) · p( % ,  , ω|I) dω d  d %
p(
° |I) · ∫ ∫ ∫ p( ° | % ,  , ω, I) · p( % ,  , ω|I) dω d  d % cEþgÞ  úfe
þ>Ì4å'ÕAÇ/Ì4ÃnÄoÒ;×ÕAÉ;ÎZÏ5ÐnÆÇSb>Ã9ËQá4Ð9ëQÃ4ÕAÉ{ÕAï0ÆÉ{Ê>ÕAÉ{Ò{ÊåE×Ò{ÕcÆÃnÄ4ÆT)IÆÇZÆÉ{ÃWåffËÏ5Ð?Ì4Ã4Õ6V
p( % ,  , ω|I) = p( % |I) · p(  |I) · p(ω|I) cEþ#Þ    e
äÉ;Æ 'ðÆflÎ/Ê/É{ØXØgÌ4ÕMÄ4ÆflÎ Ç/ÝðËQÇZÊ/Ì4Ã4ÕcÎ/Ý6ÆÇ/ÊZÆflÎàÇZÆflÄWÌ4ÜflÉ;ÆÇ/ÊàÎ/É;Ï5Ð2ÄnËQØXÉ{ÊËQÌWåyåE×Ò{ÕcÆÃnÄ4ÆflÎ>ÂÃ?ÊZÆÕAÇ5ËQÒ	V
< ω > ∝
∫ ∫ ∫
ω · p( % |I) · p(  |I) · p(ω|I) ·
∏
j
p(dj |xj ,  , ω, I) dω d  d % . cEþ#Þ  
e
























| Ä4ÆÊ  j |
d  ,
















Rj}n . cEþgÞ  
ae
É{ÃnÆmþàá?Ý6ÆÉ;Ï5Ð?Ì4Ã4ÕXÜflÝÉ;ÎZÏ5ÐnÆÃ2Ä4ÆÇþàÃ4Ã9ËQÐ4Ø8Æ
ω ≡ 1 Ì4ÃnÄoÄ4ÆØ!áUÆÇZÆflÏ5Ð4ÃnÆÊZÆÃ2ÓÔÆÇ/ÊÎ/ÊZÆÒ{Ò{ÊbÆÉ@Ã2ãkËQê
å fi4ÇÄWÉ;Æ )èÆÇ/Ê/Ç5ëQÕAÒ{É;Ï5Ð4ïcÆÉ{Ê>ÄnËQÇðÜflÝÉ;ÎZÏ5ÐnÆÃ2Ä4ÆÃ2ËQÃ4ÕcÆÕcÆáUÆÃnÆÃ=ã=ÆêåGÆÐ4Ò;ÆÇ/ÃTÌ4Ã9ÄTÄ4ÆÇãk×?Ä4ÆÒ{Ò{áUÆflÎZÏ5Ð4ÇZÆÉff 
á4Ì4Ã4ÕnÞ






#èQ¢U£A¡n(¤%  ¥«  ¢%£c( ¥¤
ä÷ÆÇ2)è×Ç/ÊZÆÉ{ÒÄ4ÆÇ÷ç0ÆÇ/Ý6ÆÃnÄ4ÆÊZÆÃÔã=ÆÊ/Ðn×?Ä4ÆXÄ4ÆÇT'ðË 0ÆflÎZÎZÏ5ÐnÆÃÓñËQÐ4ÇZÎZÏ5ÐnÆÉ{Ã4Ò{É;Ï5Ð4ï0ÆÉ{ÊZÎ/Ê/ÐnÆfl×Ç/É;Æ8áUÆflÎ/ÊZÆÐ?Ê
ÄnËQÇ/É{Ã+Ö %ÌnÎ5ËQÊ/ÜflÉ{ÃWåG×Ç/ØÙËQÊ/É;×Ã8ËQÌWå4ï0×ÃnÎ/É;Î/ÊZÆÃ?ÊZÆèÓÆÉ;Î5ÆÉ{Ã#ÄWÉ;Æ '6ÆÇZÆflÏ5Ð4Ã?Ì4Ã4ÕÜflÌgÉ{Ã?ÊZÆÕAÉ;ÆÇZÆÃ+ÞD×>ÒhëQêAÊOÎZÉ;Ï5Ð
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T · ? = « ,  cX¬_%
@
















2 · 2 T = ( ? Λ @ T ) · ( ? Λ @ T )T = ( ? Λ @ T ) · ( @︸ ︷︷ ︸
= «
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λn · un · vnT .  cXCB^







· vn · unT ,  cX'F%
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n2 cos θ1 − n1 cos θ2






n1 cos θ1 − n2 cos θ2














n1 cos θ1 + n2 cos θ2
.
,+hX6Z¡
















n1 sin θ1 = n2 sin θ2 .
,+hX¬_%
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  Medium 1
     C:H-Schicht
 Medium 2
   Si-Substrat
  Medium 0
 einfallender
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(−2iβ v7w"rq4p ) , JK<>HI$9/ β v7w"rq4p = 2pi
λ
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